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By F5?ederlclsH. Hanson, Jr.

!~~nd-t~nel ~ eats ~re ~a~ ~~ determine the &ara~ter-
istlcs of the jet-motor alr-intake duct system for a.pursult-
type airplane. l:od~fIcatlons were nade td both thb external
and internal design of the d~~ctsystem to sooure a higher.
crltlcal conpresslbllity speed and higher pressure reoovery
at the $et-motor air intakes.

~ increasing the camber of the duct lips, the critical
Mach number, as estimated fron measured pressure dlstrl.butlon,
was increased from 0.4-gto 0.64 for the high-speed candltlm.
A Ifachnumber of 0.6Q, however, Is below the estimated crttl-
oal Kach number of the airplane for high-speed fllght and it
does not appear passlble to seoure a sufficientlyhigh crltl-
oal Mach number with the ducts In their present pos~tion and
operating at ~ inlet-velocity ratio less than 1.0. Removing
the boundary-layer air at the duet entrance resulted In a
pressure.recovery of 0.71qo for the high-speed fllght oon-
ditlon. Without boundary-layer retioval.the pressure reqovery
was O.wqo for the same oondltlon~ In order to seoure high
pressure reocnrerywithout Inoreaslng theexternal drag, It
will be neoessary to find some nearisof remwlng the bounda~
layer other than by a flap on the boUndarplaYtm? efit qucts.
wuch was the system used to obtain a pressure recovery 0$
0.71qo. A system using.the I-w jet-?lmtorexhaust as a.jet “
pump to remwe the @undary layer might prove satlsfact?ry



2 MR No. A6A09

‘and at the same time not cause an Inore.asein the external
drag af the alrpl.ane.

The relative Importame of pressure reoovery ahead of
the :et motor and external drag was evaluated for the sea-
level high-speed condition. Infmmatlon ~ron jet-motor data
Indicated that a decrease In pressure reoovery of 10 percent
resulted in a change In thrust at maximum speed equivalent to
an Increase In drag coefficient of 0~O008a On this basls, a
duct system using a streamlined bump on the boundary-layer
exit duct to provide a suotlon pressure f’orboundary-layer
removal was developed for which the drag increase due to the
bump was more than compensated for by an Increase In the
pressure recovery. The flow In this systcm was n~t as desir-
able fron the viewpoint of the mlninum inlet-veloolty ratio
for flow stabillty as the system without boundary-layer control.

INTRODUCTION

With the Increasing use of jet-propulsion units for
modern h@h-performance aircraft, It has become necessary to
oonduct oonslderable research on duct systens which supply air
to these units. It is desirable that duct systems have the
following characterlstlos:

1. Low external drag

2. High critical speed .

30 Low pressure losseb . .

If possible, the duct system shmld be located cm the airplane
so that,it will not Interfere with vlslblllty and major struc-
tural cam~onents, or take up a great deal of spaoe.

The importance of &ct systems has been largely under-
rated in the Pastz the general practloe being to sacrifice
good design ~f the due% system to the structure and errange-
nen”tof the rest of the airplane. With the advent of the jet-
propulsim unit the duct system beoones ~f considerable
“importance, as it greatly influences the performance of the
airplane In all conditlms of flight. It is desirable, there-
fore to thoroughly design and te”stthe duct system whlze the
airpke Is still In the design stage- lTeglectlngt~ do this “
may seriously impair the performance of the final airplane.

—— —— —.. .. .— .— .- —-
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This report is concerned primarily with the charaoter-
. . Istlos of a duct system designed for an I-b jet-propulsion

engine. The airplane for which the air Intake ducts me
designed is a high-speed pursuit-type aircraft that is powered
by two different types of propulsive units: (1) a -nerd.
Electrio TG-1OO gas turbine which drives a four-blade tractor
propell~r,.and “(2)&“General fileutric1-40 Jet-propulsion
engine whioh exhausts through a blast tube at the eti of the
fuselage. The TG1O.O turb~ne is looated in the nose of the
airplane. Air for this unit is taken in through an annular
opening in the cowling. The gases f~om the t.urblneare
exhausted through a blast tube on the underside of th
fuselage. The 1-40 Jet-propulsion engine is located Just aft
of the middle of the fuselage. Air for this unit Is taken in
through two partially submerged entrances on the top half of
the fuselage and approximately 43 percent wing chord aft ths
wing leading edge. For cruising, this airplane will operate
on the TC%1OO unit only, while for high-speed flight the 1-40
unit

mine
drag
A.mes

will provide addlt~onal thrust, – -
—

This report presents the results of the tests to deter-
the orltlcal speed, pressure recovery, and Incremental
of the 1-40 duct system. These tests were made In the
7- by 10-foot wind tunnel.

.“ “.

SYMBOLS AND COEFFICIENTS

The following symbol~ and coefficients are used In this
report:

H total pressure, pounds

P local static pressure,

.-

pcr square foot

pounds per square foot

P pressure coefficient
r+)” - ~

A/s ratio of duct-entranco area to airplane wing area
(S Is l/~scale wing area)

v~/vo
- [%(vJ’f~]duct inlet-velocity r“atio .

CDint. internal drag coefficient

., . . .. . . . .
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C%otal “ tatal drag ooeffIolent (Drag/qoS)

Ciext, external drag”cqiiflolent
(
%total . -

)
- CDint,.

..
To propeller thrust ooeffIoient (Thrtist/poVo%=)

a angle of attack of wing, degrees

q9 free-stream dynamic pressure, p~unds per square foot

Subscripts

A statlm at duct Inlet

““B station at compressor Inlet .

0 free-stream conditims

HOD3L A!!DAPPARATUS “

Views af a l/~scale”stub-wing model of the a@plane are
shmn in figures 1, 2, 3/ and 4, The important cazponents ~f
the nodel are shown in figure 1 and Inportant rmdel dimensions
are given in table i. The wing section of the airplane is a
modified l:ACA65U2 -21Jai,rfoil$mxlinates for which are

$1given in table I . side view ~f the model with the original
ducts is shmn in figure 2. The original ducts are shown
separately in figure 3.

The model was powered with a General Electrio two-pole
motor rated at 150 horsepower at ~000 rpu. The propeller used
was of Aeroproducts H-20+6-12M3 blade from, 3.oO feet in
diameter. The nodel nounted in the tunnel with the propeller
on is shown in figure 4. The configurationwhen the fuselage
is without ducts, as shown in figure q, is designated as the
basic fuselage configuration. A$r was takeh from the 1~0
plenum chamber through the right wing, passed thrmqgh a
mercury seal, and finally through a centrifugal pump
located outside the building. A calibrated Venturi meter was
used in the line to me’asurethe flow through the duet”system.

The static pressure recovery in the I-w jet-mot-orplenun
chamber .WS measured as the average of the six static tubes
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These were lcmated at the station of the
..For..bgun~ry-layer-controltests, part of
present at the duet

out the bottom of the fuselage through
dholm’1inf@ures 1 and 3@ “-” “

. .

TESTS ‘

dntr~oes was-e-~usted
the boundary-layer duct

.

The external-pressur”e-dlstrlbuticmtest~ of the duet
system were made through a range of inlet-velocityratios
frOm VA/V~ ~ 0,2 tO VA/Vo ~ 1.0 at an -gle of attack of

‘~~ c%r%~~~fV~~~~ ‘f attack-,
-2° to a = go .

0,6, as thi?%s ~p~roxlmately the
high:speed inlet-velocity rati~. ~essure distributions were
measured for the power-on condition through a range of angles
of attack from a = -2° to a = go. and at Inlet-velocity ratios
for several values of the propeller thrust coefficient.

.Int6rnalpressures and drags were measured through the
angle-of-attack range (a = -20 to g~) “atInlat-vgloclty ratios
from VA/Vo,= O tO VA/V~ = 1.0 for the power-off candltlon.
Additional tests were made at thrust coefficients and.inlet-
velocity ratios corresponding to th~se In flight f~r take-off
and climb cnndltlons.

All tests except those with the repeller operating were
made at a tunnel dynamic pressure of b pounds per square fret.
This corresponds to an average Reynolds number based an the
rnodeIwtig ohord of R a 4 x 106, and an average liachnumberJ
Ii~ 0.17. The tunnel dynamic pressures with.the propellers
operating ranged from 3og pounds per square foot for a pro-
pe~er thrust coefficient of 1.57 to 34*4 po~ds per square
foot for”a pr~peller thrust”coefficient of 0.015.

Tunne&wall- oorreotlons were applied only to the angle
of attaok”,the effeot of the fuselage being neg~ected~ This
c“orreotionwas deter”mlnedby the method.of reference 1. ~lo
correcttans were applied to the drag data, other”than to t@se
into acoount the Internal drag cc)effiolentwhich Is described
In the amendix. Onlv data an the incremental drag of the .
vadious &&mnents weie
tunnel drag’oorreotlons

desired, so th@ the stand&rdwind-
could be neglected with “verylittle—

error.

—

..

. .

—

.“

.
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RESUIll!SAND DISCUSSION . .

External l&esmre Distribution Over I* Air-Intake Ducts

The origtnal Ix Jet-motor air-intake duets for the
model are shown In figures 2 and 3a The pressure distribution
over these ariginal ducts (see figs 5 for original duet
cmtours) Is shown In figure 6 Por the inboard fillet, top
center line, outboard corner and nutbnard fillet, The
pressure distribution along the inboard corner Is not shwm
in figure 6 as these orifices were nat built into the ~riginal
ducts. The pressure distribution Indicated that the original

. duct shape was..unsatlsfaotory,so the ducts were revised to
the contours shown Inflgure 5. Table III presents ~rtiates
of the top oentcr line for this revised duct, The pressure
distributions fsr this revision are given in figure

1
The

effeot of inlet-velocity ratio is shown in figures 7 ;) to
7(c); the effeot of angle ~f atta~k Is skmn In figures 7 (d)
~d 7(e). The effeot of power Is shown in figure ~$ and the

- effeot of a large wing-ro~t fillet In figure 90
.

These pressure distrlbutlms indicated that the revised
ducts were the best of the several revisinns tested, as further
revisions failed to”deorease the general level of pressures-
The maximum negative pressuzzefor the original ducts was -l,gqo
which corresponds to a oritical Hach number Qf O-4-89 The.
revised ducts for the same conditions$”that is, Inlet-veloclty
ratio and angle of’ attanls, have a general.level of’pressure of
-0 .7% which corresponds to a critical Hach number bf’0.64,
which Is below the estimated critical Iiaohnumber of the air-
plane for high speed at all altitudes. The possibility of
reaohing the critical l!achnumber in the cruise condition

m sh~uld not be over~ooked as the mxilmm ne
T
tive pressure

reaohed for an inlet-velocity ratio af 0.1 is -l.% which
corresponds to a critical Mach number of 0.53. At sea level

this Haoh number is equivalent to MO miles per hour, *he at
20,000 feet altitude it is equivalent ts 375 miles per hour..

The hi@ nq atlve pressure wer the ducts was the result
?)of two factors: 1 the Increased velocity of flti over the

duet lips due to their o%m shape, and (2) the increased veloolty
of flow over the ducts due to the presence of the airplane wlngo
The position~f the 1-40 air-lntakd duets.with respeat to the
wing is shown in figures 2 and 10. The pressure distribution
over the basic fuselage itishown in figure 11. This pressure
distribution is similar to that f~r the ving$ showing the
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basioally high-veloolty (or low-pressure) field in which the
, ,.duct13,qro..p~qed.. There are two ways~ then to reduce the

hi@h pressures over’the-””dnots:’.(1) desigrlt~e “duetsso the
veloolty of the air does.not Increase Wile passing over them,
and (2)”removethe ducts from the Influenoe of the wing. w
former may be done by destgnlng ducts that operate at.an
inlet-velocity ratio of about one and that have less cqmber s
than duets which are deslgneit.tooperate at lower lnlet-
veloolty ratios.” This~’of”cdurse makes”the diffuser design

tmoro difficult.. No very satisfao ody mbans of removing the
ducts from tie Influenoe of the wing of thealrplane has been
“found. The ProSent duets could he extended to-d to the ,
leadlng edge of the wing, but unless more of-the duct Gould
be submerged into tho fuselage the design would not be very
satisfactory. A destgn with tfledud system looatcd under
the fuselage of the airplane was cmsldered but would probably
prove undesirable bccmusc of the proximity of the dmt Inlet
to the ground with the possibility of suoking dirt or water
Into the duct when the airplane is taking off or landing on
8.muddy field. Also consluredwaa a design with the duets
located on top of the rear part of the fuselage. This =S
rejected too, as unsatlsfaotory flow condl.tionsprobably
would exist since the duct would be c~rectly aft of the -
Cannpy, ...- .

Bmndary-Layer Cantrol and Factors
Affecting T9tal-Head Profiles at Duct Entr&o

In additian to causing high negative pressures over the
I* jet-motor air-intake ducts the w~ng helped to produce a
thick boundary layer at the duc$ entrance. .Thls =S a Urcet
result of the pressure gradient in front of the duet entrance.
Since the ducts were designed to operate at qn inlet-velooity
ratio for high-speed flight of 0065, the veloolty of the air
entering the ducts must be.lower than tho free-str~am velocity,
In order to deorease the velocity af the air as $t flows along
the ramp It Is neoesshry for”.’thea~r to flow from~a region of
lower”staticpressure at the ramp”entrance to a region of.
higher static pressure at tha dtzctentrance. The prescnoe of
the wing with its aooompanylng negative pressuro field causes
the reglm of low statio .Pressurc.at the ramp entrance to
beoame still lower sa that the air must flow against a steeper
pressure gradient along the-ramp. This.condition Is oonducive
to a thickening of the boundary l@yer. To mqkc this pressure
gradient more gradual, a ramp that began ahead of the leadlng

I
I
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.e~meof the wing mis tested”-(ramp “revisitinA). This IS
oonpared”witlithe =Iginal ramp in figure 10. Ordinatea for
thoso Yamp6 are given in table IV. The bas.lopressure dis-
tribution over the fuselage 1s shown In figure 11, and the
ramp pressure gratients are shown In figure 12.

originally, part of the boundary-layer alr was rtioved at
the duct entranoe and exhausted through a slot at the htt om
of the fuselage● Tests showed that a lower pressure was
required at the boundary-layer duet extt to ~rovlde satisfac-
tory boundary-layer removal. A 600 flap on the exit provided
an entrance veloclty ratio for the bouqdary-layer duet of
approximately 007, regardless of the duct-entrame velooity
ratio. This gave satisfactory boundary-layer removal, but, of
course, too large an Increase In dreg. A complete series of
tests was made with this system, however, as the data, cmreoted
for the flap drag, could be used far any system that removed
the same amount of bqundary layer. The bmn-y layer could
be pumped off, for example, by a jet-pump srrangemc3ntusing
tho Jet-motor exhaust. A stream-llned bump was then tested to
provide a low pressure at the exit and a low drag simultanemsly~
This bump provided a boundary-layer-duct inlet-veloclty rat.lo
of about 0.5 for m~st conditions. Drawings of the original
boundary-layer duct} the 600 exit flap, and the exit tip are
presented in figure 13. A photograph of the bump Is shown in
figure 14. Tests were also made of a system that used no
boundary-layer removal, This was dme by fairing aver tho
boundm?y-layer-duct entrances and exit. The ramp for this
cmdltlon was called ramp revision B. The contour of the ramp
is shnwn in figure 10; the pressuro gradient for this contour
is shmn in figure 12. Ordlmatos arc given in table iV.

T~tal-head profiles at the duct entrance arc presented
in figures 15 Ud 18. These show tho effect of ,theramp
rovislons, bound&u?y-layerremoval, angle of attack, and thrust
coefficient. Smae question may arise as to why the total-
head profile for an inlet-velocity ratio of 0.34 Is fuller
than the profile for 0.54 In figure 15(a). One possible
explanation Is that a oondltlon of unstable flow through the
duets exists s~ that one duct Is operating at an lnlet-
velocity ratio less than 0.34, while the ather Is operating
at an inlet velOoity greater than 0.34@ This unstable flow
condition exists bel~w an inlet-velocity ratio of 0.5 and Is
e~lalned later on In the report.
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.. “.~igttreZ5(b) shdw~”the Improvement obtained In the ““.
..... “entrahoe-pdoflleswith “rev~s.e~ramp A and bcwndary+ayer

:remoVaI$while PXgure 15 (o) shows tfie“’”i%f116s obtalned‘wfth-
out kOundarY-lay9firemoval. tFlgqres 1 (a) and 16(b] shin..tha
effeot h? Ixnmlary-layer removal fcirboth right and lef’t

“ ducts, “and.fl@re 17 shows how the centian~e profiles vary
with angle of attack for an inlet-vkloolty ratio of 0.75.
Entrame profiles with the propeller operating are pre~ented
In figures lg(a) and l~(b), The dlfferenoe In the profiles
for the right and left duet nay be due to We effeot.nf the
propeller m the ‘slipstream, .

“.

Pressure Recovery “ “

The weight rate of air flow and the inlet-velmclty ratio
at ~00 miles per”hmzr of the General glectrlo I- unit are

.. presented In figure 19 florsea level and 20,000 feet, as a
function of pressure recovery at the faoe of the cnnprescor.
Tilepressure reoovery ~f the original duct systen was unsat-
isfactory due to the thick boundary layer present at the
duct entrance, and the arrangement of the vanes In the
diffuser= (See fig. 20.) In the revised diffuser the length
of the vanes and the radius of curvature of the lower corner
inside the diffuser were increased. The flow Inside the -
diffuser was investigated by neans of a probe with a small.
tuft on the end. This made It possible to view the flow
charaoteristlcs thzzmgh the tram-parent walls used in the
construotlm of.the diffuser fm the bench tests. The benoh-
test apparatus Is shown in figure 21. In the final diffuser
the radius of curvat~e of both the upper and lower corners
was increased and the vanes to turn the air were elhlnated~.
It was necessary} however, to install three vanes near the
lower surface of the diffuser to keep the air flow fr~m
separating fmm the surface. .“

The pressure recovery for the final revised diffuser b
combination with various boundary-layer-re~ovql.systems..is.
presented In figure 22. ~ta are presented also”in figure 22
for a configuration in which the ramp Uverged as It appromhed
the duct entrance. Tl@s ~ver~ent ramp was designed to approx-
imately fit the streamlines for the high-speed inlet-velocity
ratio as Indloated by the pressure ~adlent aheq~.of the”open-
ing. A photograph and a.drawtingaf this rampare presented
h figures 23 and 24, respectively, Apparently the ~ve~ent

#

—
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rszm reduoed the thickness of the boundary
the-entrance, although the data taken were
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layer present at
not oom~lete enouzh

.ta”cheok thi~, The ~amp was tested only for the f&lred-c)ver-
condltion of’the boundary-layer ducts~ Figure 25 shows the
effect of propeller operatlm and inlet-velocity ratio on
static pressure recovery In the plenum chamber with and with-
nut bcundary-layer removal. -

Internal and External Drag

In order to calculate the speed of an airplane, it is
only necessary to know two things: (1) total thrust, and (2)
total drag. Total thrust for a jet-propelled airplane depends
only m the pressure ahead of the compressor for given operat-
ing oonditlons (rpm altitude). Total drag is the sum of the
external drag and t~e nonentum or ram drag- Hornentumw ram
drag Is defined as the force that is produced due to bringing
all the alr which enters the ducts to a stop In the drag dlreo-
tlan. Total drag is measured m the wind-tunnel balances when
the air entering the model is removed from the tunnel at 905 to
the drag direction.

“m general, the external drag can be found by subtracting
the froe%tream- nnmentum of the entering air
drag. In

W2ere

A/s .
.

VA/V9

coefficient form the Internal-drag

cDint. =

duct entrance area
alrp~.e wing area

duct inlet-velocity

In the present case, however,
definition af external drag.

.

ratio

from the total
nay be written

this Is n~t consistent with the
External drag has been deftied

as the drag due to the ext~rior portion of–the ~lane, so
that the loss in mmentwn, due to friction, suffered by.the

“ air passing over the fuselage before entering the duct system
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cannot be charged to Internal drag. This loss of f“ree.-streem
momentum was evaluated by measurLng the total-head,p~of”lles
o“fthe entering “air. The conditions at the duct entrance
were evaluated from free.-stream.statlo pressure~ and the.fre’e-
stheam momentum corresponding to the entrance momentum w- .
fOund. The internal drag was then “.m

“whereR - “
-.

is the average value .ofthe quantity aoro~s

the duct entrance. This correction 1s developed more fully in
the appendix.

Total drag curves plotted ~~dilst anFle of attack are
given in figures 26(a) to 26(g), for inlet-velocity ratios of
v~vp = o to v~vozl.b. These de.taare crass-plotted for .
a = Q in figure 27. If the internal &rag coefficient is
subtracted from the total drag coefflclent, the resulting
value is the external drag coef~icient. The variation of
external drag coefficient with I.let-velocity ratio Isapresented In figure 28 for a“= O .

If a line Is drawn on fi uro 27 with the slope 2(A/S)
= ~.0165 s.t VA/Vo = O, the curveand passing through CDtotal

for ll~aglessllducts that take In no boundary layer will
“result. As tlieactual 1-40 alr-intdse ducts do have dr~g~
and as boufiary-layer air 1S used, the various conflguratio”ns
have a higher drag end a smaller slope than this curve.
Above an Inlet velocity of 0.55 though, two of the curves for
the conflguratlon, In which all the boundary layer is taken
Into.the plenum chamber, drop below the curve for dragless .
duets. One e~lan~tion of this may be that the ducts which
take in most.of the boundary layer reduce the drag of the
fuselage by an amount which is snuff’ioientto more than offset
the drag of the.ducts themselves. ThiiEI,less drag is obtained
with the ducts that take in the boundery layer than in the
hypothetloal case of the dragless ducts which take In no
boundary layer. . . . ~

Calculations to compare the relative merits of the “
various duct systems for hlgb+peed flight are given In table V.
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It was determined from data on the 1-40 unit that a decrease
in pressure recovery or 0.19

‘%
resulted in a loss In thrust

e~~ivdent to ~ lnc~a6e h rag Go@’flclent of 6CJ)= 0.000g
for the sea-level high-speed oondltlon. A comparison of the
various systems was made on this basis, using the hypothetical
case of the fuselage with tiagless ducts that take M no
boundary layer and thqthave lW-percent pressure recovery as
the base with which the other systems are compared.

It should be””borne”lnmind that tho drag data presented
herein are low Mach number data, and e.sthe ducts have a low
critical lMachnumber, the duct drag may be much higher In the
high-speed condition. ..

Unstable Flow

Considerable difficulty was ce.usetlthroughout these tests
by an unstable flow condition through We ducts at low lnlet-
velocity ratios. At a certain Inlet-velocity ratio, dependli~g
upon the configuration, the flow through the two ducts would
suddenly become unsymmetrical. ‘Theflow stopped In one of the
ducts, or actually reversed, while rll the flow went through
the opposite duct. This produced a sudden drop in pressure
recovery, and G large increase In drag. Apparently separation
along the ramp was responsible f’orthis. The process can be
explained as follows:

●

As the inlet-velocity ratio “3.sdecreased,””moreair.must
flow around and over the top of”the ducts. A steeper and more
unfavorable pressure gradient occurs zC1.ongthe ramp as”there
is an increasing difference between the pressure at the ramp
entrance and the pressure at the.duct ii~let.“Thepressure at
the ramp entrance remains approxlme.telythe s“+ while the
pressure In front o.f the duct Inlet beco-s”hlgher as the “.
inlet-velocity ratio is decreased. T-hedecreasing inlet-
veloclty ratio will cause the boundary layer to become “thicker
so that a point may be reached When Sorw.cs.tion.will OCCUr

along the ramp. Since the f-lowalong %oth riunpsw~ll never
be quite symmetrical, separation will not occur along both
ramps simiiltaneously.The separation of the flow along one
ramp may reduce the total head at the duct entrance below
that in the plenum chamber so that the air may actually.
reverse through the duct.
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Thus, at an over-all inlet-velocit~”.rat~uof .0.4,one -
duct may be operating at vA/vo ~ l;O”:and the other at
v~vo s -0.2. ,E-les”of. the effects ,qftistable”flow cm
be seen In figures l~(a), 22, and 28. Figure 15(a) indicates
unsymaetrlcal flow becaude the tot&L-head profile at the
entrance of the right duct for an j.nlot-velocj.tyratio of.O.34
Is fuller than the profile for.an inlet-velocity ratio of O.~~.
This would Indicate that this duct was operating””atan”inlet-.
velocity ratio considerably greater than the”average.v~ue -of
0.34, while there is probably little If any air flowing
through the other duct. The sudden.dro~off In the recovery
pressure coefficient at an inlet-velocityratio of 0.5 In
figure 22 and the increase In drag below an inlet-velocity
ratio of 0.5 In figure 2g are also indicative of unstable flow
conditions. The configurations with boundary-layer ducts
faired over were considerably more stable than the configura-
tions using boundary-layer renoval.

A condltlon of very high drag end high external pressures
ovor one duct may actually become de.ngcrous,as it is quite
possible to obtain low Inlet-velocity ratios In a high-spood
dive. Several solutions to this problem em possible. The
ducts may be blocked internally or externally when the unit
Is not in use. The plenum chamber nay be divided so th~.tair
cannot flow from ono duct to the other. If smaller ducts
with higher inlet-velocity ratios are used, low enough flows
may not occur in flight to cause this instability.

CONCLUSIOLT5

The results of the tests of the I-k air-intake duct
system indicate the followlng:

1. It 18 not possible with tho duct system tested to
secure a sufficiently high critical Iiachnumber with tho ducts
in their present position and oporating at an Inlet-velocity
ratio of less than 1.0.

2. To secure high pressure rocovory without Incroaslng
tho external drag simultaneously it is necessary to find SOMC
other means of boundary-la er removal at the duct entrmce;
for instance, using the I-C0 Jet-motor exhaust as a Jet pump
to remove the boundary layer.
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3: On the airplane model tested, the low drag and sim-
plicity of a duct system that uses the boundary layer are more
Important than the high pressure recovery of a system that
removes all, or part of, the boundary layer.

4. A duct system using a streamlined bump on the
boundary-layer exit duct provided the smallest decrease in
thrust as compared with a system that had dragless ducts
having KM-percent pressure recovery and taking in no boundary
layer.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Moffett Field, Calif.

. .

.

. .
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----- ...—---- APPENDIX... .. -..
DERIVATIONOFINTERNALDRAG

In bringing alr to a sto . or in
by 90°, a drag 1s.Inburred. T~s drag

where

PO

Q

V.

atmospheric

quantity of

free-stream

“D:= “P. Q V.

density, slugs per

15

. . ., ... , ..- . . - . .

COEFFICIENT

changing Its dlreotlon
may be written “

. .
..

cubic foot

air considered, cubic feet per second

velocity, feet per seoond

When applied to an air@ane t~s ~Y
coefficient form:

cDlnt.‘=2(:) Q)

where

A/s duct entrance area
airplane wing area.. . “

be written in

Uno duct entrance veloc:.t. . “‘
+free-stream veloci y .. .

..
In general, thitimay be used .aa an indication of the

internal drag when testing wind-tunnel models, so that the
external drag of various configurations may be compared. For
a duct system in which there Is bound-my layer present at the
duet entranoe the internal drag as defined in the preceding
equation will include part of the external drag of the air-
plane, making the correction no longer accurate.

In the present cage ., p~rt of the free-stream monmntum
has been lost before the air eq~rs the ducts. This lOSS is
part of the external drag, so that it is necessary to evaluate
how much of the or~inal free-stream.momentum Is lost as the

. ——.. . . . . . . .. ..——— -
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air passes over the surface of the fuselage to reach the duct.
This loss is dw to the formation of a boundary layer which
causes the average total pressure at the duct entrance to be
less than the free-stream total pressure. If the conditions
at duct entrance are extrapolated to free-stream conditions by
BernoulllJs equation, the mom?ntum for an ele~nt of area at
the duct entrance may be written:

momentum = m vdA

where

m mass flow per element of mea, slugs per second per
unit area

v velocity of flow of the air based on the total head at
the element of area and free-stream static pressure,
feet per second .

dA the area of the element of erea

If h is the duct height, b the duct width, dy the height
of any element of aree.,and v is assumed constant &cross the
duct width ~

where

Po

Pa

PA

‘A

‘Int. =

=

=

b/oh mv dy

b/ohPA VA Vdy

b/ohPA.VA [ 2 (HA - PO)
..... .JPO

free-stream static pressure, pounds

dy

per square foot

free-streaindensity, Slugs.pcr cubic foot

density et duct entrance, slugs per cubic foot

velocity of.flow through element of area, feet per
second

.,
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m ,.equlval.enlifree=~.troam velo.c,lty where .HA is
total head at duct entranoe, poufis p“er
square foot

“r” ~

If b {oh PA VA Is dlvlded by the free-stream

dynamic pressure and the airplane wing area, and reduced to
coefficient form, the following equation will result:

c ~ ~hf)A VA
‘Int. = *S

-d’

(u) g&y--

where tho bar indicates the man velue of the term. The mean

v~lue of the term
_

was found by plotting values

of the term measured et the duct center line, and integrating
with ~ plnnlmeter. The average value of the term ‘A/vo
over the duct area was found by divldlng the Venturi-measured
auantlt~ of flow by the duct-entrance area. Values of theso
~erms aid correspo~dinghternal drag coeffl’clentsarc given
In table VI for the various configurations.
mE.ybe considered to be equal to ono for low

The term PA/Po
Vclocitlos.

REFERE?TCE

1. Allen, H. Julian, and Vlncontl, Walter G.: Well Inter-
ference In a Two-Dlmcnsional-FlowWind Tunnel with
Consideration of the Effect of Compressibility.
liACAAF?R4K03, 1944.

—— .. —
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TABLE I.- DIhENSIOiS”OF-”i&E‘@l+CAIX “tiUB-WINGMODEL .
.-..---

OF A PURSUIT-TYPE LIRPLLMIE.
.

Stub-wing area . . . . . . . 22.23 square feet

Stub-wing ohord . . .“. . . . . . 3.27 feet

l/4-scale-wing area . . . . 26.55 square feet

Cowl-intake area . . . . . 0.07$1 square feet

Original duct-intake arec.. 0.1475 square feet

Revised duct-lntdre arec . 0.1420 square feet

1

————
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TAMEII.-AIRFOIL CRDINATES OF THE XING USED ON T’HEAIRPLANE

(The alrf’ollIS a rnodlfled 65(112 -213 (a = 1). The Upper
surface aft of 75 percent chord 1s a straight line, tangent
at 75 percent chord and trallin&edge radius. The lower
surface aft of 60 percent is a strci

F
t line, tangent at

60 percent and trailing-edge radius.
(Abclssae and ordinates In percent of wing chord)

I Upper
I

Lower
Station surface surface

0.5
.75
1.25
2.5
5
7.5
10 !]
15

E;
30

Ommf
1.070
1.347
1.820
2.4t!$5

?
2.85

Z7
.0
.og2

32 I 7.282 I 5.293

?0‘5

70
73
75 4.s25
t3: I 3.y%

2.558
1,732

qi.ii

I ~ 35
.770

1!
.5gi

100 I -..— I --—-
cading-edge radius:~ ea ing-e ge
‘adiusabove chord plmnc: 0.10. *Tralllng-
dge radius: 0.064.
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OF THE TOP CENTER. ..- .. . TABLE.III.- ~rI~ATES LINE OF THE
FINAL14 AIR-Il?TAiEDUCT(’FULLSOW)

st*tl~~ Ordinate from top center line
(in.) to duct reference line

(in.)

279.22 ~~.~~ (0.375R.on lip)
2g2.3g
2g6.75 35:78
291.13 . 36.37
300.00 %.$3
309.00 36.73
31$.00 36.10
323.75 35.44
3 3.25
?

33.92
3 2.75 31.90
351.75 29.55
35&25 ‘. 2~.30
362.00 26.75
.366.00 25.76
376.00 23.45
3!36.00 21.5g

z
96.00 20.33
06.00
416.00

19.52
lg.7C)

. .

I
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TABLEIV.--.. ,, “S FOR
RAHP ORDINMZS OF THE AIR INTAKE
THE-l&40--JETPROPULSION ENGI~

21

DUCTS

(Ordinates are given In Inches, full scale, from the duct .
referenoe line)

Full-soale
stetion Original 1. ~w

a Ramp
(in.) rmp revision A revision B

191 ----— 27.74 27.74
198.5 —---- 27.5g
201 ● 75 ----— ;;~ -----
206 ------ ----— 27.27
210.75 ------ 26.995 -----
213.5 ------ .—-— 26.g7
220.g75 2~.715 26.080 -----
221 ----— ---— 26.38
22g.5 ----— 25.gb
229.625 27.447 ;;:~o ——
236 -.— 25.25

2
2 13.375 Xgo 23.~oo --—
2 395 ------ -— 24.63
247.125 25.g~o 22.745 -----
251 ------ ----— 24.01
255.g~5 24.570 21.605 -----
25g.5 ------ -— 23.40
264.5 23.065 20.605 --—-
266 ----— --— 22.&j

2
27 .5 ——-- 22.35
27 21.125 g:zo -—--
;~~ ------ 19.617 --—-

19.536 —— 22.13

‘Consists of the aft 60 percent of an NACA
65(216)-o(1o.4) airfoil.

a Consists of the aft 60 percent of an NACA
64(215)-0(8.7g) airfoil.

,,. .,-. , -.. .
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CONDIYIONTABLE V.- COMPARISONS OF DUCT SYSTEMS
(VA/Vo= 0.65, a

FOR THE
=00)

FLIGHT

‘=mmim
A(pB - po)

%

o

Pressure
recovery,
Z-PO

%

I Configumtion

i:
>‘,-k
~ Fuselage with
~ IIdrcglc88m
i ducts OOn-
i
1

sldered ga
k base

A(pTJ- PO) “Dtotal+
0.00$0 x
A(~ - po)

%
.—

Change in
thrust at

CD
totEtl

ACD
total

%

—— —
.—

1.00 0 0.0235 0

.0049

0 0

~ 60~”boundary-
F layer exit ,02/34● 71 -.29 .0023 .0072 -1950
; flF.p
~ 600 boundary-

.71
i layer exit
~ flap witht
i fl&p drr.g
i
L subtracted
: Boundary-
] layer exit

.0244-.29 .0023

.0029

.0009 .0032,

.0240

.

,0034 ;.64 -.36 .0005 -920
/

bump
f Boundary-

layer ducts
~ faired over,.
i stralght-
! walled ramp
Boundar~-

-1330“-.64.36 m0049.0051 .0233 -.0002

: layer iucts
1 f%lred over,

dlVergent
walled ramp

.4$ .0042 -.0004 .003$ -103C-,52
.

.0231
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..- . . -. . --.

TABLE VI.- INTERNALDRAG COEFFICIENTS (a = 0°)

---- ---,, -,.. ““-- ..7.

I ConfIguratlon lvAnOwl’D’n’-—

600boundary- 0.36 0.92 0.0036
layer exit .56 .96 .0058
flap .76 :%& .0079

● 93 . Oogg
Boundary-layer .36 .93 .0036
exit bump .56 ● 92 .0056

● 93 .97 .0096
Boundary-layer .36 .72 .0028
ducts faired .56 .82 .0049
over, stralght- .7

?
● $7 .0070

welled ramp .9 ● 139 .00!39

— —

23

1-

Boundary--layer .18 .62 .0012
ducts faired .36 :155 .0024
over, divergent .56 .0050
ramp

● 75 .$9 .0071
● 93 ● 91 ,0091

--
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Figure 20- Sideviewof l/4-soalestub-wing
slxwingorigi=l1+0 air-intakeduets.

modeloftheairplane
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Figure 3.-
removal

Origiml 1-40 air-intake duota showing boundary-layer
duets● The l\4-eealestub-wingmodel & the airplane.

1
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F3gure 4.- The l/4-soale stub-wing model of tb airplane mounted
in the Jbms 7- by lo-foutwind tunnel.

.
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Figure 14.. Boundary-1ayer exit -p, l/’&aOalestu~~~ model
ofthe airplane.
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Figure21.- Ebnoh-test setup for testing the 140 air-intake duct
diffuser, l/4-scale stub-wing model of the airplane.
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